Abstract: Fluorouracil and platinum are considered the standard treatment options for advanced gastric cancer. Docetaxel is also an effective agent and it shows no cross-resistance with fluorouracil and platinum. The combination treatment of docetaxel with fluorouracil and platinum has been explored, but it demonstrated intolerable toxicities. An alternative approach in the first-line treatment of gastric adenocarcinoma may be to use these agents sequentially. We aimed to evaluate the activity and safety profile of sequential chemotherapy with capecitabine plus oxaliplatin, followed by docetaxel plus capecitabine in the first-line treatment of unresectable gastric cancer.
INTRODUCTION
G astric cancer (GC) is the fourth most common cancer and the third most common cause of cancer-related death worldwide. 1 Surgery is the only curative modality. However, many patients are initially diagnosed with locally advanced or metastatic disease. The cancer has a high recurrence rate after surgery, especially for advanced disease. 2 For these patients, systemic chemotherapy has been shown to improve quality of life and survival compared with best supportive care. 3 One meta-analysis study of 11 gastric cancer trials found that combination chemotherapy resulted in better overall survival (OS) compared with single-agent chemotherapy. 4 There is still no well-established standard regimen, but doublet chemotherapy, including fluoropyrimidine (5-FU) and platinum, is widely used in worldwide clinical trials. Docetaxel is another effective agent in the treatment of GC. In the phase III TAX-V325 trial, the addition of docetaxel to 5-FU and cisplatin (DCF regimen) improved response rate, time to progression, and survival compared with 5-FU and cisplatin (CF). 5 However, the DCF regimen is associated with increased toxicity, especially myelosuppression and infection, and it is not widely used in clinical practice. Several modifications of the DCF regimen have been developed to increase the tolerability of the regimen while maintaining the same level of activity. [6] [7] [8] [9] [10] An alternative way to include these active agents in the first-line treatment of advanced GC is to use them sequentially. Sequential schedules may maximize the dose-intensity of each single agent and avoid the overlapping toxicity of concomitant agents. Three studies using sequential strategies to treat advanced GC have been reported. [11] [12] [13] All studies showed that sequential therapies produced good treatment efficacy with manageable toxicities.
In the REAL2 study, capecitabine, the oral pro-drug form of 5-FU, has already shown the same efficacy as 5-FU, cisplatin or oxaliplatin.
14 Capecitabine is an oral chemotherapy, which is more convenient than continuous 5-FU infusion. Oxaliplatin is an alkylating agent and is a third-generation platinum. Compared with cisplatin, oxaliplatin has shown more favorable safety profiles. In our previous study, we showed that a modified biweekly capecitabine and oxaliplatin (XELOX) regimen is a practical and effective regimen in the treatment of GC. 15, 16 Lo et al and Giordano et al also showed that docetaxel and capecitabine (TX) is a well-tolerated, easily administrated regimen in advanced GC. 17, 18 Therefore, we conducted a phase II study to investigate the efficacy and feasibility of the sequential administration of the XELOX regimen followed by the TX regimen in patients with GC.
MATERIAL AND METHODS

Study Design
This trial was a multicenter, open label, single-arm phase II study evaluating sequential chemotherapy with the XELOX regimen followed by the TX regimen (NCT01558011). The primary end-point was the objective response rate (ORR), and the secondary end-points were OS, progression-free survival (PFS), and assessment of toxicity. The study was approved by the Institutional Review Board of each participating center or the competent authority and the Ethics Committee. The study was conducted in full accordance with the International Conference on Harmonization Good Clinical Practice guidelines and the Declaration of Helsinki. All patients provided written informed consent before entering the study.
Eligibility
Patients were enrolled from the following medical centers: Taipei Veterans General Hospital, Mackay Memorial Hospital, National Health Research Institutes, National Cheng Kung University Hospital, and Tri-Service General Hospital. Patients with pathologically proven unresectable recurrent or metastatic gastric adenocarcinoma were assessed for eligibility. The major inclusion criteria were as follows: at least 1 measurable disease; age > 20 years; an Eastern Cooperative Oncology GROUP (ECOG) performance status (PS) of 0 to 2; adequate bone marrow function (defined by a leukocyte count of 4000 leukocytes/mL, an absolute neutrophil count of 1500 neutrophils/mL, a platelet count of 100,000 platelets/mL, and a serum hemoglobin level of 9 g/dL); adequate renal function (serum creatinine level at least 1.5-fold lower than the reference value); and adequate hepatic function (bilirubin level at least 2-fold lower than the reference value and aspartate aminotransferase and alanine aminotransferase levels at least 2.5-fold lower than the reference value). Prior radiotherapy was permitted if it was not administered to the target lesions evaluated in this study and if it had been completed at least 2 weeks prior to the patient's enrollment into the study. Patients who had completed adjuvant chemotherapy at least 6 months before recruitment were enrolled. Patients with brain metastasis or those who could not take study medication orally were excluded. Patients whose tumor samples revealed overexpression of the HER-2/neu protein (3þ) by immunohistochemical (IHC) staining were also excluded.
Treatment Schedule
Eligible patients received oral capecitabine (Xeloda cycles. After completing all planned regimens, a further regimen was independently decided by the investigator. Prophylactic dexamethasone was prescribed to prevent any potential hypersensitivity reactions to docetaxel. The standard antiemetic prophylaxis of intravenously administered 5-HT3 antagonists was administered before chemotherapy. Granulocyte colonystimulating factor was administered to treat neutropenic events; however, prophylactic granulocyte colony-stimulating factor and prophylactic antibiotics were not administered to patients who had experienced a neutropenic event in the previous cycle.
Response and Toxicity Evaluation
The response to therapy was assessed by the radiological evaluation of any measurable lesion every 8 weeks based on Response Evaluation Criteria In Solid Tumors version 1.1 19 using computed tomography; it was determined by an independent response review committee. After discontinuation of the study treatment, patients were followed up every 3 months until disease progression or death. Toxicity was evaluated and recorded according to version 4.0 of the Common Terminology Criteria for Adverse Events of the National Cancer Institute. All of the patients were included in the toxicity assessment. For the toxicity analysis, the data indicating the worst toxicity for each patient from all of the chemotherapy cycles were used.
Statistical Analysis
According to Simon's optimal 2-stage design, 20 16 patients were required for enrollment to test the null hypothesis that the true ORR is 40% versus the alternative hypothesis that the true ORR is at least 60%, at a significance level of 0.05 with a power of 80%. If 8 or more responses were observed among 16 patients in the first stage, the study was continued with 30 additional patients included. As the dropout rate was assumed 10%, the number of patients necessary for recruitment into the study was calculated to be 51.
The perprotocol (PP) population excluded those patients who received treatment of <1 cycle for reasons other than disease progression or death or those who received <50% of the anticipated treatment during the first 6 weeks of the trial. The response and toxicity data were described using simple descriptive statistics. PFS was calculated from the first day of treatment until the first day of documented disease progression or death from any cause. PFS was censored at the date of the last followup visit for the patients who were still alive and had no documented disease progression. OS was calculated from the first day of treatment until the day of death. PFS and OS were estimated using the Kaplan-Meier method.
RESULTS
Patient Characteristics
From March 2012 to Sep 2014, 51 patients were enrolled in this study. The patient characteristics were shown in Table 1 . The median age was 63 years (range 32-83 years). Thirty-seven patients (72.5%) were men, and most patients (98%) had ECOG PS of 0 or 1. Twenty-eight patients (54.9%) had poorly differentiated adenocarcinoma. Four patients (7.8%) had received adjuvant chemotherapy. Forty-two patients (82.4%) had metastatic disease and the most common metastatic sites were the distant lymph nodes (62.7%), liver (39.2%), and peritoneum (33.3%). Forty-three patients (84.3%) had low-level HER2 protein expression (IHC staining 0 or 1þ) in their tissue samples.
Treatment Delivery
Out of the 51 patients, 4 patients received only 1 cycle of the XELOX regimen and were excluded from analysis by PP population (Table 2) . Forty-three patients (84.3%) completed 6 cycles of the XELOX regimen, with a median of 6 cycles (range 1-6 cycles). Among these patients, 42 patients (82.4%) then proceeded to receive the TX regimen. A total of 31 patients (60.8%) completed 4 cycles of the TX regimen; the median was 4 cycles (range 0-4 cycles).
Efficacy
Of the 51 patients, 47 were eligible for response evaluation. Four patients were not available for response evaluation: 1 was intolerant to capecitabine, 1 had disease progression and could not take oral drugs, and 2 patients were excluded at the investigator's discretion. Tumor responses are summarized in Table 3 . During the XELOX regimen period, 25 patients (53.2%) achieved a partial response, 21 patients (44.7%) had stable disease, and 1 patient (2.7%) had disease progression. During the TX period, 8 patients (19.5%) achieved a partial response, 27 patients (65.9%) had stable disease, and 6 patients (14.6%) had disease progression. Overall, 29 patients (61.7%) achieved a partial response and 18 patients (38.3%) had stable disease. Among 8 patients who had response during the TX period, 5 patients had partial response, 2 patients had stable disease, and 1 patient had progressive disease during the XELOX period. The median PFS was 8.6 months (95% confidence interval [CI] 5.6-13.7 months, Figure 2) , and the median OS was 11.0 months (95% CI 9.6-14.5 months, Figure 3 ). The median follow-up time was 10.1 months. Six patients (11.8%) completed treatment and their tumors became resectable. They underwent surgery and 5 of these patients were still alive with disease-free status during their last follow-up.
Safety
Safety was assessed in 51 patients; the adverse events are listed in Table 4 . In the XELOX period, the most common grade 3/4 adverse event was hand-foot syndrome (9.8%). In the TX period, the most common grade 3/4 adverse events were neutropenia (28.5%), leucopenia (14.3%), and hand-foot syndrome (9.5%). Overall, the most common grade 3/4 adverse events were neutropenia (25.4%), leucopenia (11.8%), diarrhea (9.8%), and hand-foot syndrome (15.7%). Other toxicities were 
DISCUSSION
The prognosis of advanced gastric cancer is still dismal. For gastric cancer patients with unresectable tumors, systemic chemotherapy is the cornerstone of treatment, and it shows improved survival compared with best supportive care. 3 Several novel drugs have been developed in recent years. One of the most important drugs is docetaxel, which was recently approved as a first-line treatment on the basis of the TAX-V325 trial. 5 In this pivotal trial, the DCF regimen proved superior to the CF regimen; it showed improved time to progression (5.6 vs 3.7 months, respectively; P < 0.001), response rate (37% vs 25%, respectively; P ¼ 0.01), and OS (9.2 vs 8.6 months, respectively; P ¼ 0.02). However, the regimen is limited in clinical practice due to severe hematologic toxicity. When we consider that the aim of the treatment in advanced gastric cancer patients is generally palliative, the tolerability of the treatment is a very important issue. Therefore, we sequentially administered capecitabine, oxaliplatin, and docetaxel in order to increase the tolerability of this combination. This is the first phase II study investigating the sequential therapy of the XELOX regimen followed by the TX regimen in the treatment of advanced gastric cancer. The 61.7% overall response rate of the evaluable patients, the PFS of 8.6 months and the median survival of 11 months are not inferior to the results of the other phase III clinical trials of the current reference regimens, including DCF, EOX, XP and TS1þ cisplatin. 5, [21] [22] [23] [24] In these trials, the objective tumor response rate and the median survival ranged from 29% to 47% and from 8.6 to 11.1 months, respectively. The results are also not inferior to the results of docetaxel-based phase II/III studies, [5] [6] [7] [8] [9] [10] in which the objective tumor response rate and median survival ranged from 21% to 54% and from 8.6 to 14.5 months, respectively.
In this study, the ORR in evaluable patients was 61.7%. Six patients whose gastric cancers were initially unresectable became resectable after receiving treatment (Table 5) . Notably, 1 patient (case number 2) received operation was due to tumor rupture but the pathology showed pathologic complete remission. These patients underwent surgery and 5 of them are still alive with disease-free status. Because of the high ORR and disease control rate, this sequential chemoregimen may be considered for the neoadjuvant setting of gastric cancer. Further studies are warranted.
In the phase III TAX-V325 trial, the DCF regimen had better results than the CF regimen but it was associated with intolerable toxicity; 82% of patients experienced grade 3/4 neutropenia and 14.3% of patients experienced febrile neutropenia. 5 In other docetaxel-based chemoregimens, 5-10 the rate of grade 3/4 neutropenia was lower and ranged from 37.2% to 70%. In our study, the sequential therapy with XELOX followed by TX was well tolerated by most patients. The most common grade 3/4 side effects were neutropenia (28.5%), decreased white blood cell counts (14.2%), and hand-foot syndrome (9.5%). It is worth mentioning that no patient experienced febrile neutropenia or grade 3/4 peripheral sensory neuropathy, the most concerning adverse events associated with docetaxel and oxaliplatin. To the best of our knowledge, the rate of grade 3/4 neutropenia is lowest with docetaxel-based chemotherapy. Few grade 3/4 nonhematologic adverse events were observed; these included mucositis, nausea, vomiting, fatigue, and anorexia. The favorable results may be due to the sequential therapy, which may have avoided the overlapping toxicity of concomitant agents and reduced the exposure doses of each agent. The administration of the sequential therapy with XELOX followed by TX was convenient and practical for the gastric cancer patients. Unlike the traditional DCF regimen which requires intravenous infusion of 5-FU for 5 days, the sequential therapy only required a 2-h infusion of oxaliplatin in the XELOX regimen and a 1-h infusion of docetaxel in the TX regimen. Reducing the length of time required for the intravenous infusion may also decrease the number central line infections. This regimen can easily be administered at outpatient clinics.
In conclusion, the sequential therapy of the XELOX regimen followed by the TX regimen is effective, well-tolerated, convenient, and practical for advanced gastric cancer patients in daily practice.
